To evaluate the role of chronic inflammation in the development of gallstones and biliary tract cancer, we examined the risk associated with 62 single nucleotide polymorphisms (SNPs), in 22 inflammation-related genes, in a population-based case-control study conducted in Shanghai, China, where the incidence of biliary tract cancer has been increasing in recent decades. The study included 411 cases with biliary tract cancer (237 gallbladder, 127 extrahepatic bile duct, and 47 ampulla of Vater), 895 with biliary stones, and 786 controls randomly selected from the population. Unconditional logistic regression was used to calculate odds ratios and 95% confidence intervals for the association of individual SNPs and haplotypes with biliary stones and biliary tract cancer. Of the 62 SNPs examined, 14 were related to the risk of biliary cancer and stones. Specifically, variants in the IL8, IL8RB, RNASEL, and NOS2 genes were associated with biliary stones, whereas VEGF variants were associated with gallbladder cancer. Of the 10 genes with multiple SNPs from which we inferred haplotypes, only one IL8RB haplotype, consisting of 3 SNPs (rs2230054, rs1126579, and rs1126580), was associated with the risk of bile duct cancer (P = 0.003) and biliary stones (P = 0.02), relative to the most frequent haplotype. In summary, common variants in genes that influence inflammatory responses may predispose to gallstones and biliary tract cancer, suggesting the need for future studies into the immunologic and inflammatory pathways that contribute to biliary diseases, including cancer. [Cancer Res 2008;68(15):6442-52] 
Introduction
Biliary tract cancers, encompassing tumors of the gallbladder, extrahepatic bile ducts, and ampulla of Vater, are rare but highly fatal malignancies (1). High incidence rates are reported for Native Americans and Hispanics living in the United States and among certain populations in Central and South America, Eastern Europe, and some parts of Asia, including China, Korea, Japan, and India (1, 2) . Apart from ethnicity and gallstones, the causes of biliary tract cancer are unclear (1, 3, 4) . However, the large geographic and racial variation in incidence suggests that both genetic and lifestyle factors are important. In previous clinical and populationbased studies, inflammatory processes associated with gallstones and cholecystitis have been linked to the development of gallbladder cancer, whereas primary sclerosing cholangitis predisposes to bile duct cancer (1, 3, 4) . In previous analyses from our case-control study in Shanghai, we reported that: (a) gallstones are associated with an 18-fold risk of gallbladder cancer; (b) the combination of gallstones and cholecystitis increases the risk of gallbladder cancer by 34-fold (3); (c) use of aspirin and other nonsteroidal anti-inflammatory drugs (NSAID) reduced the risk of biliary tract cancer (5); (d) chronic infection with hepatitis B virus doubled the risk of extrahepatic bile duct cancer (6) ; and (e) variants in the inflammatory gene, PTGS2 (commonly called cyclooxygenase 2), were associated with an increased risk of extrahepatic bile duct cancer (7) .
Common variants in inflammation-related genes may alter the expression of inflammatory cytokines and chemokines, thereby predisposing to gallstones and/or biliary tract cancer (8) . To further clarify the role of inflammation in biliary diseases, we examined the risks of biliary stones and cancer associated with 62 single nucleotide polymorphisms (SNPs) in 22 inflammation genes in a population-based study conducted in Shanghai, China, where the incidence of biliary tract cancer is increasing rapidly in recent years (9) .
Materials and Methods

Study Population
Details of the study have been reported elsewhere (3, (5) (6) (7) (10) (11) (12) . Briefly, primary biliary tract cancer cases (ICD-9 156) diagnosed between 1997 and 2000 were identified through a rapid-reporting system established by the Shanghai Cancer Institute (SCI) with 42 collaborating hospitals in urban Shanghai. This system captured >95% of all biliary tract cancers diagnosed in Shanghai. Case patients were permanent residents of urban Shanghai between ages 40 and 75 y. A total of 411 patients with biliary tract cancer (237 gallbladder, 127 bile duct, and 47 ampulla of Vater) were included. In addition, we selected a total of 1,037 biliary stone cases (774 gallstone and 263 bile duct stone patients) from the same hospitals from which the cancer (Continued on the following page) cases were selected. Biliary stone cases had no history of cancer and were matched to index cancer cases on gender, age (within 5 y), and hospital. A total of 959 healthy subjects who were randomly selected from the urban Shanghai population (6.5 million permanent residents), using the Shanghai Resident Registry records, were included in this study as population controls. Controls were free of nonskin cancer and were frequency-matched to cancer cases in a 1-to-1 ratio by age (within 5 y) and gender distributions. All study subjects provided written informed consent. The Institutional Review Boards of the National Cancer Institute and SCI approved the study protocol.
Clinical and Pathology Review
Review of pathology slides, imaging data, medical records, and surgical reports was carried out to confirm the diagnosis of both biliary tract cancer and stone cases. All cancer cases underwent magnetic resonance imaging (MRI), endoscopic retrograde cholangiopancreatography (ERCP), or computed tomography (CT). Pathology slides were obtained for 70% of cancer cases who underwent surgery and were reviewed by pathologists from Shanghai and the United States. Imaging studies, pathology and surgical reports, and medical records were reviewed by a panel of clinicians, ultrasonographers, and pathologists for the presence of cancer. Biliary stone cases were confirmed by abdominal ultrasound and ERCP films, and by pathology slides for those who underwent a cholecystectomy.
Interviews
Study subjects were interviewed by trained interviewers, using a structured questionnaire to obtain information on demographic, life-style, and dietary factors. Cases were interviewed within 2 wk of diagnosis. At interview, weight and height were measured. The response rate for interviews was >95% for cases and 82% for controls. For quality control purposes, all interviews were recorded and reviewed to ensure adherence to the study protocol. In addition, 5% of the subjects were randomly reinterviewed within 3 mo to assess reproducibility; the concordance between the two interviews on responses to key questions was >90%.
Assessment of Biliary Stones
Biliary stone status was assessed for all study subjects. Among cancer cases, biliary stone disease was identified by self-report from interview data and clinically from medical, surgical, and radiology records, including MRI, ERCP, CT, and ultrasound results. Among population controls, biliary stones were assessed by self-reported history and by abdominal ultrasound among those who gave consent for the procedure, which included 85% of population controls. Blood Collection and Genotyping Blood collection. Over 80% of the participants donated an overnight fasting blood sample for the study. Buffy coat samples were processed within 4 h of collection at a laboratory in SCI, stored at À70jC, and shipped to the United States on dry ice.
Genotyping. Genomic DNA was extracted from buffy coat using the phenol-chloroform extraction method. All genotyping was conducted at the National Cancer Institute Core Genotyping Facility (Advanced Technology Corporation) 12 using the TaqMan assay (Applied Biosystems). The sequence information and validated assays are provided at the snp500cancer Web site (13). 13 Gene and SNP selection. The variants included in the study were chosen on the basis of a priori evidence suggesting possible functional consequences or previous association studies showing a link between inflammation or cancer. In addition, certain SNPs were selected for additional gene coverage for haplotype analysis, although the inclusion of these SNPs was limited by the availability of validated assays. A total of 62 SNPs in 22 genes, including IL1A, IL1B, IL4, IL5, IL6, IL8, IL8RA, IL8RB, IL10, IL13, IL16, PPARD, PPARG, RNASEL, SOD2, MPO, NOS2, NOS3, TGFB1, TNF, VCAM1, and VEGF, were typed (Table 1) .
Quality control. For quality control, 20 replicate samples from each of 4 blood donors and duplicate samples from 100 study subjects processed in an identical fashion were interspersed for all genotyping assays and blinded from the laboratory personnel. Concordance of genotyping on 80 samples from 4 quality control subjects was >99%. The genotyping failure rate was <2% for each SNP.
Statistical Analysis
Analysis was performed on 411 incident cases with biliary tract cancer, 895 with biliary stones, and 786 healthy controls. Differences in selected characteristics between cases and controls were tested using Fisher's exact test for categorical variables and the Student's t test for continuous variables. To make appropriate case-control comparisons, gallbladder cancer cases were compared with controls without a history of cholecystectomy; bile duct cancer cases and ampulla of Vater cancer cases were compared with all controls; and biliary stone cases were compared with population controls without biliary stones.
Among control subjects, genotype frequencies for each marker were examined for deviation from Hardy-Weinberg equilibrium (HWE), using the asymptotic m 2 test. Differences in genotype frequencies between controls and cancer or stone cases were assessed with Fisher's exact test. Only SNPs whose genotype distribution was in HWE among controls were included in the analysis. Unconditional logistic regression was used to assess the relationship of each SNP with the risk of biliary stones and biliary tract cancer at each anatomic subsite, adjusting for age and gender. For each marker, odds ratios (ORs) and 95% confidence intervals (CIs) for the homozygous and heterozygous genotypes were calculated in reference to the most frequent homozygous genotype. Additional logistic regression ) to screen for association because it is optimal for the additive model but also sensitive to associations with dominant and monotonic effects. Statistical associations between SNPs and biliary stones and cancers were also assessed using the linear test of trend (P trend ) for the number of copies of the variant allele (0,1,2) and for the presence or absence of the variant allele (0, 1). In addition, the likelihood ratio test was used to formally test for multiplicative interactions between life-style factors and SNPs on stone and cancer risk. The risk estimate was not calculated for a genetic variable if the frequency in either the case or control group was <5. To assess the overall gene effects on biliary tract cancer and stone risk while accounting for multiple comparisons, the Simes global test was used to calculate a summary P value for each of the 10 genes for which we examined multiple SNPs (14, 15) . This test is based on the adjusted P value for the minimum of the P trend values of all SNPs within each gene; thus, it effectively accounts for multiple SNP testing by controlling the familywise error rate (i.e., the chance that any marker is erroneously declared to be associated with disease will be <5%, if in fact no polymorphism is truly associated; ref. 14).
We also examined the association between the haplotypes of the 10 genes with multiple SNPs and the risk of biliary stones and cancers. Among population controls, linkage disequilibrium (LD) between these loci was assessed by calculating pairwise Lewontin's D'and r 2 values using Haploview version 3.11 (16) . The logistic regression results with haplotypes was similar to that with single SNPs. We used the most common haplotype as the referent and estimated the OR and 95% CIs for other haplotypes relative to this referent. To circumvent the challenge of phase ambiguity, which is a special missing data issue in that the haplotype phase is missing, we used the method described by Schaid and colleagues (17) and implemented in the haplo.stat package in R. This approach uses an Expectation-Maximization algorithm to account for the phase ambiguity and permits modeling of the association of haplotypes, as well as haplotype-environment interactions, with continuous and discrete outcomes (18) . It also allows testing of global differences in haplotype frequencies between cases and controls. Only those haplotypes with frequencies above 1% were included in our analysis.
Results
Selected characteristics of the study subjects are shown in Table 2 . As expected, the majority of gallbladder cancer (72.6%) and biliary stone (62.1%) cases were women, whereas slightly more than half of bile duct (59.8%) and ampulla of Vater (51.1%) cancers were men. Compared with controls, biliary stone cases were younger. Compared with controls, smoking was more common in gallstone cases, whereas more bile duct and ampulla of Vater cancer cases were smokers. Gallbladder cancer and biliary stone cases were less likely to drink alcohol but had a higher body mass index (BMI) and were more likely to be diabetic than controls. For all three cancer types, cases were significantly more likely to have gallstones than controls.
Of the 22 genes, 5 (IL8, IL8RB, RNASEL, TNF, and NOS2) showed some association with biliary stone risk. Table 3 shows the ORs of biliary stones in relation to SNPs of these five genes. As shown, all three IL8 SNPs (rs4073, rs2227307, and rs2227306), in close LD with each other (r 2 = 0.99), were associated with reduced risk of bile duct stones [P global < 0.04; À351A>T (also called IL8À251, rs4073): OR TA/AA , 0.55 (95% CI, 0.40-0.76) and P trend = 0.04; IVS1+230 T>G (rs2227307): OR TG/GG , 0.55 (95% CI, 0.40-0.76) and P trend = 0.03; and IVS1-204C>T (rs2227306): OR TC/CC , 0.57 (95% CI, 0.42-0.78) and P trend = 0.03]. In contrast, two of the three IL8RB variants were associated with an increased risk of biliary stones [gallstones and/or bile duct stones; P global = 0.0006; Ex3+811C>T (rs2230054): OR CT/TT , 1.40 (95% CI, 1.13-1.74) and P trend = 0.002; Ex3+1235T>C (rs1126579): OR TC/CC , 1.25 (95% CI, 1.00-1.55) and P trend = 0.01]. One (Ex1-96A>G, rs486907) of the two RNASEL markers was associated with increased risk of gallbladder stones (95% CI, 1.08-1.71; P trend = 0.001), and the global P value for the gene was 0.002. Of the 7 TNF markers, only 1 (TNFÀ1042C>A, rs1800630) was associated with a reduced risk of gallstones (95% CI, 0.56-0.93; P trend = 0.008), but the global P value for the TNF gene was not significant. One of the two NOS2 SNPs, Ex16+14C>T (rs2297518), was associated with gallstones (P trend = 0.01; P global = 0.02). Gender did not modify these risk patterns and adjustment for other covariates, including smoking, alcohol drinking, BMI, and gallstones, as well as adjustment for multiple comparisons did not materially change the results. Table 4 shows the risks of biliary tract cancer in relation to IL10 and VEGF variants. Three (rs1800871, rs1800872, and rs1800896) of the five variants in the IL10 gene were associated with a reduced risk of gallbladder cancer. Relative to subjects with the most common genotype, those with the C alleles of the IL10À626A>C (also called IL10À627, rs1800872) and IL10À853 C>T (also called IL10À854, rs1800871) markers and the G allele of the À1116A>G (also called IL10À1117, rs1800896) marker had a reduced risk of gallbladder cancer. For VEGF, the T allele (CT and TT genotype) of the 236 bp3 ¶ of STP C>T marker (rs3025039) conferred reduced risk of gallbladder cancer (OR, 1.30; 95%, CI 0.50-0.97; P trend = 0.04). These associations persisted after further adjustment for covariates, including smoking, drinking, BMI, and gallstones, as well as adjustment for multiple comparisons, although the P global for the IL10 gene was not statistically significant. No significant associations were seen for bile duct or ampulla of Vater cancers, perhaps due to smaller numbers of cases.
The associations between IL8RB haplotypes and the risk of biliary stones and cancers are shown in Table 5 . Based on the three IL8RB SNPs (in the order of Ex3+811C>T, Ex3+1235T>C, Ex3À1010G>A), we inferred 5 haplotypes among our population controls, with 3 common haplotypes, C-T-G (64.4%), T-C-A (23%), and T-C-G (8.3%), accounting for >95% of the haplotype variation. The haplotype frequencies were significantly different in relation to bile duct cancer and gallstones, with global P values of 0.003 and 0.02, respectively. When specific haplotypes were examined, the IL8RB T-C-G haplotye was associated with an increased risk of gallstones (95% CI, 1.14-2.07), relative to the most frequent haplotype (C-T-G).
We found no association between variants of the IL1A, IL1B, IL4, IL5, IL6, IL13, IL16, PPARD, PPARG, SOD2, MPO, TGFB1, VCAM1, and NOS3 genes and risk of biliary tract cancer or stones. Results of single locus and haplotype analyses of these variants are presented in the Supplementary Tables S1 (gallstones) and S2 (cancer). Although the main effect of IL10 was not significant, there was suggestive interaction between IL10 and TNF variants, with subjects with the IL10À627C allele and the TNF IVS1+123A allele having reduced risk of gallbladder cancer (OR, 0.55; 95% CI, 0.33-0.90; P interaction = 0.03), relative to those with the IL10 TT and TNF GG genotypes (Supplementary Table S2 ). Joint effects of gallstones and several inflammation genes on the risk of gallbladder and bile duct cancers are shown in Supplementary  Table S3 . We observed significant interactions between gallstones and variants of IL8RA and TGFB1 on the risk of gallbladder cancer. For example, among subjects with gallstones, carriers of the C allele of the IL8RA Ex2+860G>C (rs2234671) marker had a 26-fold risk (95% CI, 14.0-48.4; P interaction = 0.04), and carriers of the T allele of the TGFB1 marker (rs2241718) had a 20-fold risk (95% CI, 12.2-35.5; P interaction = 0.008), compared with those with the corresponding genotype who did not have gallstones. In addition, significant interactions between gallstones and SOD2, TNF, and VCAM1 variants on the risk of bile duct cancer were seen.
Discussion
In this population-based case-control study, we found that variants of the IL8, IL8RB, RNASEL, and NOS2 genes were associated with biliary stone risk, whereas polymorphisms of the IL10 and VEGF genes were associated with gallbladder cancer risk. Consistent with our single-locus results, the T-C-G IL8RB haplotype containing the risk-conferring allele of IL8RB Ex3+811 C>T was significantly associated with gallstones. Although the magnitude of these risk estimates was generally modest, the findings provide support for the hypothesis that common gene variants in the inflammatory pathway contribute to the etiology of both gallstones and biliary tract cancer. The findings for gallstones are consistent with epidemiologic and experimental evidence indicating that prior use of aspirin and other NSAIDs have a protective effect. Recent data also show that the human lithogenic gene (LITH), which is associated with gallstone susceptibility, encodes inflammatory molecules, their receptors, and other mediators, suggesting a close relationship between gallstones and inflammation (19) . In addition, circulating inflammatory cytokines, including interleukin (IL)-8, IL-10, and tumor necrosis factor (TNF), are associated with risk factors for gallstones, including obesity, hyperlipidemia, and insulin resistance (20) .
In our study, the three IL8 variants, in strong LD with each other, provided evidence of a locus associated with bile duct stones. Interestingly, two of the three IL8RB variants, in high LD with each other (pairwise values of r 2 between 0.93 and 0.99), were also associated with gallstone risk. These associations are biologically plausible given the role of IL8 and IL8RB in inflammation, but require further epidemiologic and laboratory studies. IL-8, encoded by the IL8 gene, is an important proinflammatory cytokine involved not only in the initiation and amplification of inflammatory processes but also in tumorigenesis (21) . Although the function of most of the SNPs we examined is unclear, rs4073 in the IL8 promoter region has been related to increased IL8 expression (21) . Biological function of IL-8 is mediated through its two receptors: IL-8 receptor, alpha and IL-8 receptor, beta. IL-8 receptor, alpha binds exclusively to IL-8, whereas IL-8 receptor, beta binds to IL-8 and other a-chemokines. Despite the close relationship between IL-8 and IL-8 receptor, beta, we did not find a significant interaction between IL8 and IL8RB SNPs on gallstone risk.
Although TNF, a potent inflammatory cytokine, promotes hyperlipidemia by increasing hepatic triglyceride production and decreasing clearance, only one (rs1800630) of the seven variants we examined was associated with reduced risk of gallstones.
However, the A allele of this SNP has a higher transactivating effect than that of the dominant C allele (22, 23) and is associated with periodontitis (24). We did not find an association with the more widely studied TNFÀ308 G>A (rs1800629) and TNF>À238 A>G (rs361525) variants of the promoter region, possibly due to the much lower frequency (7%) of the variant allele in these two SNPs in our study population. It is noteworthy that TNFÀ308 A allele has been linked to primary sclerosing cholangitis (25) , a strong risk factor for bile duct cancer. However, we did not find a clear association between any TNF variants and bile duct cancer.
Our finding that RNASEL and NOS2 variants are associated with gallstones is novel and requires confirmation. The excess risk associated with the RNASEL Ex1-96 A>G variant is of interest because RNASEL, which encodes an IFN-inducible RNase, has been linked to several cancers for which inflammatory processes seem to be important, including cancers of the prostate, pancreas, and colon (26) (27) (28) . NOS2A Leu/Leu homozygotes at amino acid position 608 are reported to confer higher enzymatic activity and gene expression (29) , resulting in increased NOS2 expression and inflammation.
In our study, three IL10 promoter polymorphisms were associated with a modest increase in the risk of gallbladder cancer. These SNPs (IL10À627, IL10À854, and IL10À1082) have been previously associated with several cancers, including the stomach, breast, cervix, and liver as well as non-Hodgkin lymphoma and melanoma (30) (31) (32) (33) (34) (35) . IL-10 is a multifunctional cytokine with both anti-inflammatory and proinflammatory properties. Because IL10 variants have been shown to alter circulating IL-10 levels, with the IL-10-627 A allele correlated with low IL-10 concentrations (25) , and because much of the interindividual variation in IL-10 expression (75%) may result from genetic variation (25) , the role of IL10 variants in biliary tract cancer warrants further investigation. IL-10 is known to suppress expression of inflammatory cytokines such as TNF, IL-6, and IL-1 by activating macrophages (36) .
We also found a modest association between gallbladder cancer and VEGF variants, which have been linked to several cancers, including prostate, bladder, colon, and breast (37, 38) . However, because the association was observed for only one variant of VEGF, its role in biliary tract cancer needs further study. Given the strong link between gallstones and biliary tract cancer and the effects of inflammation on both gallstones and biliary tract cancers, it is unclear why certain inflammation-related genes are associated with gallstones but not with biliary tract cancer. Several factors may contribute to the discrepancy, including the smaller sample size for biliary tract cancers than for gallstones, and the likely importance of etiologic cofactors in the development of biliary tract cancer. In addition, some of the observed associations could be in LD with one or more causal variants not tested, and some false-positive associations may have arisen by chance, especially in view of the multiple comparisons made in our study. The statistical power would be equally limited in detecting associations for subsites of biliary tract cancer and additional studies will be needed to confirm our results. Despite these concerns, the overall results suggest that genetically related inflammatory processes contribute to the development of gallstones and biliary tract cancer.
Several strengths of our study should be noted, especially the population-based design with nearly complete case ascertainment for cancer, a high participation rate, and confirmation of case status by comprehensive pathologic and clinical review, which minimized the potential for selection, survival, and misclassification bias. In addition, the relatively homogenous study population minimizes the potential for bias related to population stratification. Furthermore, the inclusion of two separate case groups, one for biliary tract cancer and one for biliary stones, produced a unique opportunity to determine the effects of specific risk factors, including susceptibility or modifier genes, on these two closely related conditions. However, as with most candidate gene studies, our coverage of the inflammation-related gene pathways was limited because SNP selection was not based on complete sequencing data for our target population and only validated assays could be applied to the study. In addition, due to low minor allele frequencies and the small number of bile duct and ampullary cancer cases, there was limited power to evaluate the main effects of SNPs with low minor allele frequencies or to test for interaction.
In summary, our population-based study in Shanghai revealed that common variants in the IL8, IL8RB, RNASEL, and NOS2 genes were associated with biliary stones, and variants in the VEGF gene were associated with biliary tract cancer. Further studies are needed to dissect the immunologic and inflammatory pathways that contribute to risk of biliary stones and cancer.
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